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Class 12 Physics 
Previous Year Questions 
Chapter-2 : Electrostatic 
Potential and Capacitance 


1. ELECTROSTATIC POTENTIAL 


Objective Qs (1 mark) 


1. Which of the following is NOT the property of equipotential surface? 

(a) They do not cross each other. 

(b) The rate of change of potential with distance on them is zero. 

(c) For a uniform electric field they are concentric spheres. 

(d) They can be imaginary spheres. 

[CBSE SQP 2023] 

2. Equipotential surfaces: 

(a) are closer in regions of large electric fields compared to regions of lower electric fields. 

(b) will be more crowded near sharp edges of a conductor. 

(c) will never be equally spaced. 

(d) both (a) and (b) are correct. 

[Delhi Gov. SQP 2022] 


3. The electric potential on the axis of an electric dipole at a distance ' r ' from it's centre is V. Then 
the potential at a point at the same distance on its equatorial line will be: 
(a) 2V 
v 
(C) 7 
(b) -V 
(d) Zero 


[CBSE SQP 2022] 
4. If a unit positive charge is taken from one point to another over an eguipotential surface: 
(a) work is done on the charge 
(b) work is done by the charge 
(c) work done is constant 


(d) no work is done 


[Delhi Gov. SQP 2022] 


5. The electric potential V as a function of distance X is shown in the figure. 


The graph of the magnitude of electric field intensity E as a function of X is: 


(a) 


(b) 


(c) 


(d) 


[CBSE SQP 2022] 


. The electric potential V at any point (x, y, Z) is given by V = 3x? where x is in metres and V in 
volts The electric field at the point (1 m, 0.2 m) is: 
(a) 6 V/m along (—x)-axis 
(b) 6 V/m along (+x)-axis 
(c) 1.5 V/m along (—x)-axis 
(d) 1.5 V/m along (+x)-axis 
[CBSE Term-1 2021] 


7. 


10. 


An electric dipole of moment p is placed parallel to the uniform electric field. The amount of 
work done in rotating the dipole by 90° is: 

(a) 2pE 

(b) pE 

(9 

(d) zero 


[CBSE SQP Term-1 2021] 


Three charges 2q, —q and - q lie at vertices of a triangle. The value of E and V at centroid of 
triangle will be: 

(a)E#0andV + 0 

(b) E =OandV =0 

(C) E = Oand V = (0 

(d) E = OandV +0 


[CBSE SQP Term-1 2021] 


A solid spherical conductor has charge +0 and radius R. It is surrounded by a solid spherical 
shell with charge —0, inner radius 2R, and outer radius 3R. 


Which of the following statements is true? 


(a) The electric potential has a maximum magnitude at C and the electric field has a maximum 
magnitude at A. 


(b) The electric potential has a maximum magnitude at D and the electric field has a maximum 
magnitude at B. 


(c) The electric potential at A is zero and the electric field has a maximum magnitude at D. 
(d) Both the electric potential and electric field achieve a maximum magnitude at B. 
[CBSE SOP Term-1 2021] 


Two charges 14uC and —4uC are placed at (—12 cm, 0,0) and (12 cm, 0,0) in an external electric 
field, E = (3) here B = 1.2 x 10° N/cm? and r is in metres. 


r2 


11. 


12 


13. 


The electrostatic potential energy of the configuration is: 


(a) 97.9 J 
(b) 102.1 J 
(c) 2.1 J 
(d) —97.9 J 
[CBSE Term-1 2021] 
Equipotentials at a large distance from a collection of charges whose total sum is not zero are: 


(a) spheres 


(b) planes 
(c) ellipsoids 
(d) paraboloids 
[CBSE Term-1 2021] 
. Four charges —g, —g, +q and +q are placed at the corners of a square of side 2 L is shown in 


figure. The electric potential at point A midway between the two charges +q and +g is: 


+q i 
| 
A 2L 
| 
+q 4 
Da (113) O ina (1 e) 
(C) m 4(1- =) (d) zero [CBSE Term-1 2021] 


For Questions 13-14, two statements are given -one labelled Assertion (A) and other 

labelled Reason (R). Select the correct answer to these questions from the options as given 
below. 

(a) If both Assertion and Reason are true and Reason is correct explanation of Assertion. 

(b) If both Assertion and Reason are true but Reason is not the correct explanation of Assertion. 
(c) If Assertion is true but Reason is false. 

(d) If both Assertion and Reason are false. 


Assertion (A): An electron has a higher potential energy when it is at a location associated with a 
more negative value of potential, and a low potential energy when at a location associated with a 
more positive potential. 


Reason (R): Electrons move from a region of higher potential to region of lower potential. 


[CBSE SQP 2023] 


/2, Two charges +q each are kept 2a distance apart. A third charge —2g is placed midway 


between them. The potential energy of the system is - 


2 
q 

(a) Smepa, 
_ 64 

(b) 87rega 
Ta 

(c) ~ Brega 
(d) 2% 
87E9a 


(2024) 


!3 Two identical small conducting balls By and By are given —7 pC and +4 pC charges 
respectively. They are brought in contact with a third identical ball B3 and then separated. If 


the final charge on each ball is —2 pC, the initial charge on Bs was: 


(a) —2 pC 
(b) —3 pC 
(c) —5 pC 
(d) —15 pc 


(2024) 


16. Assertion (A): Work done in moving a charge around a closed path, in an electric field is always 
Zero. 
Reason (R): Electrostatic force is a conservative force. 
[CBSE 2023] 


17. An experiment was set up with the circuit diagram shown in figure. 


Given that R4 = 109, R, = R3 = 5Q,r = OQ and E = 5 V 


a b E 


h g f 
(A) The points with the same potential are: 
(a) b,c, d 
(b) f h, j 
(c) d,e, f 


(d) a,b, j 


(B) The current through branch bg is: 
(a)1A 
(b)= A 
(97 A 
(d)= A 


(C) The power dissipated in R; is: 
(a) 2 W 

(b) 2.5 W 

(c) 3 W 

(d) 4.5 W 


(D) The potential difference across R} is: 
(a) 1.5 V 

(b) 2 V 

(c) 2.5 V 

(d) 3 V 


[CBSE Term-2 2021] 


Very Short & Short Qs (1-3 marks) 


18. Charges (+q) and (—q) are placed at the points A and B respectively, which are at distance 2 L 
apart. C is the midpoint between A and B. What is the work done in moving a charge +0 along 
the semicircle CRD. 


[CBSE SQP 2023] 


19. Two charges 5 x 1078C and —3 x 1078C are located 16 cm apart. At what point P ( lies 
somewhere in between the charges) on the line joining the two charges is the electric potential 
zero? Take the potential at infinity to be zero. 


[Delhi Gov. SOP 2022] 
20. The physical quantity having SI unit NC~* m is 


[CBSE 2020] 


21. Find the expression for the potential energy of a system of two point charges q, and q, located at 
system rı and r2, respectively in an external electric field E. 


[CBSE 2020] 
22. (A) Two point charges +0, and —0, are placed r distance apart. Obtain the expression for the 


amount of work done to place a third charge Q, at the midpoint of the line joining the two 
charges. 


(B) At what distance from charge +Q, on the line joining the two charges (in terms of Q,, Q> and 
) will this work done be zero. 


[CBSE 2020] 


23. A cube of side 20 cm is kept in a region as shown in the figure. An electric field E exists in the 
region such that the potential at a point is given by V = 10x + 5, where Vis in volt and x is in m. 


Find the: 
(A) electric field E and, 


(B) total electric flux through the cube 


[CBSE 2020] 


24. Write two important characteristics of equipotential surfaces. 


[CBSE 2020] 
25. Draw equipotential surfaces due to an isolated point charge (—q) and depict the electric field lines 
[CBSE 2020] 


26. (A) Draw the equipotential surfaces corresponding to a uniform electric field in the z-direction. 


(B) Derive an expression for the electric potential at any point along the axial line of an electric 
dipole. 


27. (A) Three point charges q, —4g and 2g are placed at the vertices of an equilateral triangle ABC of 
side l as shown in the figure. Obtain an expression for the magnitude of the resultant electric force 
acting on the charge q. 


-4q 2q 
Be — 


(B) Find out the amount of the work done to separate the charges at infinite distance. 


[CBSE 2018] 


28. Four point charges Q, q, Q and q are placed at the corners of a square of side a as shown in figure. 
Find the: 


(A) resultant electric force on a charge Q, and 


(B) potential energy of this system. 


[CBSE 2018] 


29. Derive the expression for the electric potential due to an electric dipole at a point on its axial line. 
[CBSE 2017] 
30. Define an equipotential surface. Draw equipotential surfaces: 
(A) in the case of a single point charge and 
(B) in a constant electric field in Z - direction. Why the equipotential surface about a single charge 


are not equidistant? 
(C) Can electric field exist tangential to an equipotential surface? Give reason. 


[CBSE 2016] 


31. Figure shows the field lines on a positive charge. Is the work done by the field in moving a small 
positive charge from Q to P positive or negative? Give reason. 


°0 
eP 


[CBSE 2014] 
32. Two closely spaced equipotential surfaces A and B with potentials V and V + ôV, (where ôV is 
the change in V, are kept ôl distance apart as shown in the figure. Deduce the relation between the 
electric field and the potential gradient between them. Write the two important conclusions 
concerning the relation between the electric field and electric potentials. 


B V+ôv 
V 


[CBSE 2014] 


33. Two point charges g and —2g are kept d distance apart. Find the location of the point relative to 
charge q at which potential due to this system of charges is zero. 


[CBSE 2014] 


34. Obtain an expression for the electric potential due to a small dipole of dipole moment P , 


ata point r from its centre, for much larger distances compared to the size of the dipole. 
(2024) 


35. Three point charges q, 2q and nq are placed at the vertices of an equilateral triangle. If the 


potential energy of the system is zero, find the value of n. 
(2024) 


2. ELECTROSTATIC OF CONDUCTORS, DIELECTRICS AND CAPACITANCE 


Objective Qs (1 mark) 

36. When a dielectric material is introduced between the plates of a charged condenser, then electric 
field between the plates: 
(a) decreases 


(b) remains constant 
(c) increases 


(d) first increases then decreases 
[Delhi Gov. SQP 2022] 


37. 
4 uF 


II 
8 F| 4 uF 
— L 
A 4 uF E Cc 
4 uF 
In the given figure equivalent capacitances of the given combination of five capacitors is: 
(a) 4uF 
(b) 10uF 
(c) 8uF 
(d) 120uF 
[Delhi Gov. SQP 2022] 


38. When air is replaced by a dielectric medium of dielectric constant K the force of attraction 
between two charges Q; and Q, separated by a finite distance d : 
(a) decreases K times 


(b) increases K times 
(c) remains unchanged 


(d) decreases 2K time [Delhi Gov. SQP 2022] 


39. Two parallel plate capacitors X and Y, have the same area of plates and same separation between 
plates. X has air and Y with dielectric of constant 2 , between its plates. They are connected in 
series to a battery of 12 V. The ratio of electrostatic energy stored in X and Y is: 

(a) 4:1 
(b) 1:4 
(c) 2:1 
(d) 1:2 


[CBSE SQP Term-1 2021] 


40. A capacitor plates are charged by a battery with ' V ' volts. After charging battery is disconnected 
and a dielectric slab with dielectric constant ' K ' is inserted between its plates, the potential across 
the plates of a capacitor will become: 

(a) zero 


V 
(b) 5 
OF 
(d) KV 


[CBSE SQP Term-1 2021] 


41. A car battery is charged by a 12 V supply, and energy stored in it is 7.20 x 10° J. The charge 
passed through the battery is: 
(a) 6.0 x 104C 
(b) 5.8 x 103 J 


(c) 8.64 x 10° J 
(d) 1.6 x 105C 


[CBSE Term-1 2021] 


42. A variable capacitor is connected to a 200 V battary. If its capacitance is changed from 2uF to 
XuF, the decrease in energy of the capacitor is 2 x 1072 J. The value of X is: 
(a) 1uF 
(b) 2uF 
(c) 3yuF 
(d) 4uF 


[CBSE Term-1 2021] 
Very Short & Short Qs (1 - 3 marks) 


43. Two charged conducting spheres of radii a and b are connected to each other by a wire. Find the 
ratio of the electric fields at their surfaces. 
[CBSE 2020] 


44. A parallel plate capacitor (A) of capacitance C is charged by a battery to voltage V. The battery is 


disconnected and an uncharged capacitor (B) of capacitance 2C is connected across A. Find the 
ratio of: 


(A) final charges on A and B. 


(B) total electrostatic energy stored in A and B finally and that stored in A initially. 


[CBSE 2023] 


45. (A) Draw equipotential surfaces for (i) an electric dipole and (ii) two identical positive charges 
places near each other. 


2) In a parallel plate capacitor with air between the plates each plate has an area of 6 x 1073 
m“ andthe separation between the plates is 3 mm. 


(i) Calculate the capacitance of the capacitor. 
(ii) If the capacitor is connected to 100 V supply, what would be the charge on each plate? 


(iii) How would charge on the plate be affected if a 3 mm thick mica sheet of K = 6 is inserted 
between the plates while the voltage supply remains connected? 


[CBSE SQP 2022] 


46. The space between the plates of a parallel plate capacitor is completely filled in two ways. In the 
first case, it is filled with a slab of dielectric constant K. In the second case, it is filled with two 
slabs of equal thickness and dielectric constants K4 and K2 respectively as shown in the figure. 
The capacitance of the capacitor is same in the two cases. Obtain the relationship between K K1 


| 


(Case 1) (Case 2) 


[CBSE 2020] 


47. When a parallel plate capacitor is connected across a dc battery, explain briefly how the capacitor 
gets charged. 
[CBSE 2019] 


48. A parallel plate capacitor is charged by a battery to a potential difference V. It is disconnected 
form battery and then connected to another uncharged capacitor of the same capacitance. 
Calculate the ratio of the energy stored in the combination to the initial energy on the single 
capacitor. 


[CBSE 2019] 
49. (A) Derive an expression for the capacitance of a parallel plate capacitor with air present between 
the two plates. 


(B) Obtain the equivalent capacitance of the network shown in figure. For a 300 V supply, 
determine the charge on each capacitor. 


[Delhi Gov. SQP 2022] 


100 pF 


Cy 


200 pF 200 pF 


C C 
2400pF ° | 


C4 


+ 
"300V 


[CBSE SQP 2023] 


50. A parallel plate capacitor of capacitance ' C ' is charged to ' V ' volts by a battery. After some time 


51. 


52. 


53. 


the battery is disconnected and the distance between the plates is doubled. Now a slab of dielectric 
constant, 1 < k < 2, is introduced to fill the space between the plates. How will the following be 
affected? 


(A) The electric field between the plates of the capacitor 
(B) The energy stored in the capacitor 


(C) Justify your answer by writing the necessary expressions. 


[CBSE 2019] 


Derive an expression for the energy stored in a parallel plate capacitor. On charging a parallel 
plate capacitor to a potential V, the spacing between the plates is halved and a dielectric medium 
of €, = 10 is introduced between the plates. Explain, using suitable expression, how the (A) 
capacitance, (B) electric field. 


[CBSE 2018] 


An infinitely large thin plane sheet has a uniform surface charge density +o. Obtain the 
expression for the amount of work done in bringing a point charge q from infinity to a point, 
distant r, in front of the charged plane sheet. 


[CBSE 2017] 


(A) Explain, using suitable diagrams, the difference in the behaviour of a (i) conductor and (ii) 
dielectric in the presence of external electric field. Define the terms polarisation of a dielectric and 
write its relation with susceptibility. 


(B) A thin metallic spherical shell of radius R carries a charge Q on its surface. A point charge 2 


is placed at its centre C and an other charge +2Q is placed outside the shell at a distance x from 
the centre as shown in the figure. Find (i) the force on the charge at the centre of shell and at the 
point A, (ii) the electric flux through the shell. 


A 
Q * 20 


[CBSE 2015] 


54. Two capacitors of unknown capacitances C, and C, are connected first in series and then in 
parallel across a battery of 100 V. If the energy stored in the two combinations is 0.045 J and 
0.25 J respectively, then determine the value of C, and C}. Also, calculate the charge on each 
capacitor in parallel combination. 


[CBSE 2015] 


Numerical Qs (1 - 5 marks) 
55 In the figure given below, find the 
(A) equivalent capacitance of the network between points A and B. 
Given: C, = C; = 4u,F,C, = C3 = C, = 2uF. 
(B) maximum charge supplied by the battery, and 


(C) total energy stored in the network. 


ÈG +” Cs & É 


fi fi 


A 


SV 
[CBSE 2020] 


56. Two identical capacitors of 12pF each are connected in series across a battery of 50 V. How 
much electrostatic energy is stored in the combination? If these were connected in parallel across 
the same battery, how much energy will be stored in the combination now? Also find the charge 
drawn from the battery in each case. 


[CBSE 2017] 


57. (A) Find equivalent capacitance between A and B in the combination given below. Each capacitor 
is of 2uF capacitance. 


GS Q Es Ga | G 


(B) If a dc source of 7 V is connected across AB, how much charge is drawn from the source and 


what is the energy stored in the network? 


[CBSE 2017] 


Energy Stored in a Capacitor: 


MCQ: 


58. Ten capacitors, each of capacitance 1 pF, are connected in parallel to a source of 100 V. The total 
energy stored in the system is equal to : 


(a) 10° 
(b) 10° 
(c) 0.5x10° 
(d) 5.0x10° 


(2024) 


Class 12 Physics 
PYQ (Solution) 


Chapter-2 : Electrostatic Potential and 
Capacitance 


1.ELECTROSTATIC POTENTIAL 


(c) For a uniform electric field, they are concentric spheres. 
Explanation: As all other statements are correct. In uniform electric field equipotential surfaces are 
never concentric spheres but are planes perpendicular to electric field lines. 


(d) both (a) and (b) are correct. 


Explanation: Electric field E = — < 


dr is inversely proportional to electric field. 


Equipotential surfaces are closer in regions of large electric fields compared to regions of lower 
electric field. At sharp edges of a conductor, charge density is more. Therefore, electric field is 
stronger. Hence, equipotential surfaces are more crowded. 


(d) Zero 


Explanation: For equatorial line, 0 = 90° 


For axial line 0 = 0 


k 
V=—cosé 

r 

kp 
v= 


For equatorial line, V = 0 as cos 90° = 0 


(d) no work is done 


Explanation: Since the potential at each point of an equipotential surface is the same, the potential 
does not change while we move a unit positive charge from one point to another. Therefore, work 
done in the process is zero. 


(a) 


Explanation: 


dx 
dv 
For 0 — 2 seconds, ao +ve and constant 
So, E = —ve and constant 
For 2 — 4 seconds, Vo 
dx 
So, E =0 
dv 
For 4 — 6 seconds, m Me and constant 
So, E = +ve and constant 
(a) 6 V/m along (-X)-axis 
Explanation: 
dV 
70 
— dV 
f dz 


As the electric field is only changing in negative x-direction, E = 6 x 1 = 6 V/m along (—x) axis. 
(b) pE 
Explanation: 


W = pE(cos 0, — cos 83) 


0, = 0° 

0, = 90° 

W = pE(cos 0° — cos 90°) 
= pE(1 — 0) = pE 


(c)E #0 andV =0 


Explanation: 


E1 


k2q Kq Kq 
V= RE 

r r r 
V=0 


9. (d) Both the electric potential and electric field achieve a maximum magnitude at B. 


i A A 1 
Explanation: Electric potential, V x z 
Hence, at B it achieves maximum value as value of potential will be equal on the whole conductor. 
Similarly, electric field E x A and also attains maximum value at B as field inside conductor is zero. 


10. (b) 102.19 


U =p 22 +q,V+q.V 
V= -Í E. dr 
B 
V =— 
r 
PR 1.2 x106 
xplanation: 54x 107 
=5 «10° V. 
14 x (—4) x 10712 
U =9 x 10? x ——-— 


24 x 1072 
+(14 x 1076) x (5 x 10°) 
+(—4 x 10°°) x (5 x 10°) 

U =102.1 J 


11. (a) spheres 


Explanation: A collection of charges located at a very large distance can be considered as the point 
charge. Now, in all directions, the equipotential surface for a point charge will be at the same distance 
from the point. As a result, the surface of the equipotential points for a point charge will be spherical. 


2 (0)) = Za- 


ATEQ L 


13. 


14. 


15. 


16. 


17. 


Explanation: 


Solving, 
Va = Vi + V2 + V + V3 
TEN 

Amen lL L VSL VSL 

we get, 
1 2 1 
n) 
Ate, L V5. 

(c) If Assertion is true but Reason is false. 


Explanation: We know that, 
U=gV 


where, Vis potential and U is potential energy. As electron has a negative charge, the higher negative 
potential and negative charged electron will give maximum potential energy. 


U=(-e)(-V) 
= eV = maximum 
Current flows from higher potential to lower potential and electron flows in opposite to the current. 


Hence, electrons flow from lower to higher potential. 
2; 


-7 
(C) as (2024) 
8mE,a 


(B) -3 pC 


(a) If both Assertion and Reason are true and Reason is the correct explanation of Assertion 


Explanation: According to this statement, the work done in moving a charge around a closed path, in 
an electric field, is always zero. This is because the electric field is a conservative field, which means 
that the work done in moving a charge between two points in the field is independent of the path 
taken by the charge. Reason R is also true. The electrostatic force is a conservative force. This means 
that the work done by the electrostatic force on a charge moving between two points in an electric 
field is independent of the path taken by the charge. 


(A) b) fj 


Explanation: g and j are at same potential as there is no cell or circuit element between them. Also, 
g,h and f are also at same potential so we can say, f, and j are at same potential. 


1 
(B) (c); A 
Explanation: The total current in the circuit / = 2 AST = 0. Here R is the eguivalent resistance of the 


circuit. The equivalent resistance of branch cf is Ra + R = 109. So, equivalent resistance of circuit, 


10 x 10 
R= 


5Q 
20 


. ee 5 
The total current in the circuit, I = = 1A. 


E 5 1 
Current in branch bg = n A. 


(C) (b) 2.5 W 


Explanation: Power dissipated in R4, 


P, = HR, 
: 10 
=—x 
4 
= 2.5 W. 
(D) (C) 2.5 V 
Explanation: Current in branch cf, 
I, = I = lL 
= 0.5 A. 
Hence, voltage drop across R3, 
V3 = l R3 
=0.5AX5Q 
= 2.5 V. 
18. 
Ve = 0, 
1 ra 4 
Vp = =e 
DP“ Ane, |3L L 
-a 
6T EL 
-Qq 
W = Q[Vp — Vc] = 
ol D cl 6TEoL 


19. Let P be the point of zero potential at distance r from the charge q4. 


d = 16 cm 


; ; — 2411 42 
Electric potential, V = a Tante 


For V = 0, 


(2024) 


a q2 


r d-r 
5x10°8 —3x10°8 
> ————— = ———— 
r 0.16 —r 

r= 10 cm 


So, the point will be 10 cm from positive charge. 
20. Electric Potential 
21. Work done in bringing 0, from infinity against the electric field 
W=ag,V JF] 
Work done in bringing Q, from infinity against the electric field 
W = g2VIr| 
Work done on Q, against the field due to 0, 


2 4192 
ATE 9112 


The potential energy of the system = Total work done in assembling the system 


7. > 419 
= og) VIF,| + g2VIP,| + = z r 
0'1 
22. (A) 
kQ,Q3 kQ,Q3 
Vo 2 
2 
kQ2Q3 kQ2Q3 
FO a A 
2 
k k 
Total work = 23 2293 


r 


r 
_ 0 - Q2) 


2TEpT 
(B) Let x be the reguired distance 
ki — kQ = 0 
x 257 
= OT 
i Oa 


23. Given that: 
V=10x+5 


We know, 


II 
Sl 
R 

A~ 

m 

© 

R 

+ 
ol 
Ww 


Since, electric field is constant in negative x-direction 
So, flux entering in the cube will be same as flux coming out through the cube 
Pin = Pout 


So, Net flux from the cube = 0 


Z Figure 2 


24. Equipotential surfaces have two important properties: 


(1) The electric field at any location on an equipotential surface is oriented normal to the 
equipotential surface in the direction of potential fall. 


(2) At no point can two equipotential surfaces cross each other. 


25. An equipotential surface is one that has the same electric potential at all points. Field lines are always 
perpendicular to equipotential surfaces. Equipotential surfaces for an isolated point charge are the 


surfaces of concentric spheres at the centre, as shown in the picture below: 


, 4 Equipotential surface 


26. (A) 
(A) 
Electric field 
equipotential surfaces 
Y| in X-Y Plane 
X 
(B) 
O 
P 


mo 
-Ge a> € a>+q 
err 

<— r-a—> 
koo ta > 


Electrostatic potential at point P due to +g charge 
v= 1 +q 
+4" Ate (r — a) 


Electrostatic potential at point P due to —q charge. 
1 -q 


va Ame, (r + a) 


Net potential at point P according to the principle of superposition. 


ee! +q 
ta Ameo (r + a) 


V= Vya + V-g 
1 + 1 = 
| Se ee 
4#4€(r—a) 4% ep(T+a) 
4 1 1 | 
 Aneglr—-a r+a 


_ q [rta-rt+a 
= Ane, r2+a2 | 
g 2a 
Ane, (r? — a?) 


Electric dipole moment, P = q(2a) 


o 1 P 
— Amey r? — a? 
27. (A) Electric force at A due to charge 2q 


1 qx2q rd 
Fc = long CA 
c ATEQ 12 9 8 


Electric force at A due to charge (—4q), 
— 4x(-44) AR 
Fg = a along AB 


Above situation can be represented as 


Now we can write 


Resultant force, 


F= [F2 + F2 + 2FpFccos 120° 


a 0 
F = pos |? + @?* +290)(-3) 


Therefore, 
rH /12g? 
7 ATE, |? 


(B) Work done to separate the charges to infinity is given as change in the potential Initial potential 


energy, 
o @ [Ana (49 2a) , A) 
— 4neol l l l 


2 
fj Ahh 


— 4neol 
1 /—10g? 
ÅT Eo l 


Final potential energy, Ur= 0 


a 2 
Thus, work done = Up — U; = 0— E 
0 
109? 


7 ATE, | 


2 along BY 


ATEpa2 


28. (A) Force on charge 0 at B due to charge g F, = 
Op 


q 


Resultant force, F = ./F? + F2 along BO 


2( qQ ) = qQv2 


Ameya? 


2 
Force due to charge Q = F; = DTD) 
0 
along BO 


Total resultant force = F + F3 along BO 


_1v2Qq Q 


Angpa? Anega? 


2 (v24 + 3) along BO 


ATE a? 


(B) Total potential energy of the system, 


010 
A ae es 
mea ten + 


29. 


Let P be an axial point at distance r from the center of the dipole. Electric potential at point P is 
given as, 


V=V +V, 


V, and V, are the potentials at point P due to charges +q and —q respectively 


1 
PaE J) 


ma lw) 
~ AME, 75 


= (as — 75) 


Hence, the electric potential is 


GET) 
ATE, Mr? — a?) 
30. Eguipotential surface is a surface which has egual potential at every point on it. 


(A) Eguipotential surfaces due to single point charge are concentric sphere having charge at the 
center. ] 


Eguipotential surfaces 


AAA ti 
t Line of force 


(B) In constant electric field along z-direction, the perpendicular distance between equipotential 
surfaces remains same. 


Equipotential surfaces 


X 


For single charge, equipotential surface will be series of concentric spherical shells with charge at 
centre, dr « A the separation dr between equipotential surface will go on increasing with decrease in 
electric field. 


” 4 


(C) No, because if there is tangential component of electric field along surface it would result in 
motion of electrons, but since we have static fields, this is not possible. 


31. The work done by the field is negative. This is because the charge is moved against the force exerted 
by the field. 


32. Ea = —VV and Eg = —V(V + OV) 
Eg = —VV — V(6V) 
= Ea — V(6V) 
Net field = Eg — Ea = —V(6V) 
(1) Electric field is perpendicular to the eguipotential surfaces. 


(2) Net field is also gradient of potential dV. 


33. (i) When a dielectric slab is inserted between the plates of capacitor, there 
is induced charge density op which opposes the original charge density 


(6) on the plate of capacitance. 
Electric field with dielectric medium is 


E = (o—0op) 


Eo 


V=Exd = (2) q 
Eo 


od Qd 
EoK AsoK 
C = Q = KegA 
V d 


(ii) Electric potential due to a point charge 
1 q 
Anto r 


(i) At the surface 


1 q _ 9x10°x6x107® 


Anto r 7 0.2 
V=2.7x10°V 
(ii) Since electric field inside the hollow sphere is zero, hence V is same 


as that of the surface and remains constant throughout the volume. 
V = 2.7 x10°V 


(2024) 


34. a) 


ce. |, 228 A OESO 
vow! 2) 0) 
By geometry 


s  * , 
r =r° +a -2arcos0 


r; =r° +a +2arcosé 


Forr >>a, retaining terms only up to first order in a/r 


= (122) ap aaa 2) 
Lat(it2aese) en oe," 


Using eqn. (1) (2), (3) and p =2qa 


_ q 2acos 


> 


Ane, r? 
_ pcos9 
Arer? 


Alternatively: 


,__4 1 st 
~ 4me.\r—acos@ r+acos@ 


o 


4 ( 2acos@ 
Ane, | r° — a? cos? @ 


P | 00959 — 
Arer 


= > 

a 2 
— cos @ 
7 


2 
For r>>a, neglecting $; 


V= ene 
Ane r” 
(2024) 


35. (i) Electric Flux through a closed surface is equal to — where q is the total charge enclosed by the 
surface. 0 = 4 
0 


Altematively The surface integral of electric field over a closed surface is = times the total charge 
enclosed by the surface. 


+ JA 
aor 


(Award % mark for writing the formula only.) 


Surface 
z charge density g 


(Gaussian surface can be cylindrical also) As seen from figure, only two faces 1 and 2 will contribute to 
the flux. Flux E.ds through both the surfaces is equal and add up. 


The charge enclosed by surface is o A, where o is surface charge density According to Gauss“s theorem 
2EA=0GAleE, 
E=oa/2é, 

O 


E=— 
2Ep 


n 
where fi isunit vector directed normally out of the plane 


r 


Gi) k= 
27eyr 


According to question 


A, 


RE, Th 


E, (at point P) = 


- 
E = M... ai (-j) NIC 
276, 10x107) 


E, (at point P) = A, 
ME gl, 


20x10° 
275, (20x10) 


-6 
Na (= 5) CINIC 
27€, 


E= (-j) N/C 


01 02 

=3.6x10° (-j) N/C 

E, =gxE,, 

F= —1.6x10” x3.6x10° (—j) N 
=5.76x10°° N (j) 


P 
m 
ge — -2q 
t d > 


Explanation: Let P be the reguired point at a distance x from charge g 


1 q 1 (—2q) M 
` Anepx Amey (d—Xx) 


.. The required point is at a distance Z from the charge q. (2024) 


2. ELECTROSTATIC OF CONDUCTORS, DIELECTRICS AND CAPACITANCE 


36. (a) decreases 


Explanation: We know electric field between capacitor or plates: 


Where, d is the distance between the plates. 


When battery is disconnected, the charge present on capacitor is fixed, i.e., V is constant. Now, when 
the dielectric is introduced, the electric field becomes. 


Where, K is dielectric constant which is always > 1. Hence, electric field decreases. 


37. (a) 4uF 


Explanation: The given circuit can also be made in the following way. 


4 uF 4 uF 
X A 
AC pa 
4 Xx 
4 uF 4 uF 


This is just like the Wheatstone bridge. As the bridge is balanced É = 5), there will be no effect of 
8uF capacitor on the capacitance. Equivalent capacitance is given by 


C'=C+C 
= 2uF + 2uF 
= 4uF 
38. (a) decreases K times 


Explanation: In air the force of attraction between two charges, 


_ 1 ho 
a Ame r? 


In dielectric medium the force of attraction between two charges is, 


Thus, Force decreases K times. 


39. (c) 2:1 
Explanation: 
air} —<k=2 A = Same 
d = Same 
=S i 
12V oars 
Ey A 2€ A 
Ce = Oy = 
2 2 
a 
2C 2C, 
U, Cy 2C, 2 
y Ge CG 1 
40. (c) = 


Explanation: Given: 
Capacitor of capacitance = C Charging voltage = V 
Dielectric constant = K 


Case 1: When a capacitor is initially charged it acquires charge. 


g = CV 
i 
V 
Case 2: When battery is disconnected its charge remains " q ". But when a dielectric slab is 
introduced within the plates the only parameter that remains constant is the charge " q ". 


Hence, 'g' = CV = C'V 
Since, C = efin case 1 and C’ = K€ f in case 2. which means C = KC. 


q =CV = KCV 


CV V 
=> V' === 
KC, K 
41. (a) 6.0 x 104C 
Explanation: Given, 
V=12V 
W= 7.20 x 10° J 
y= W 
Q 
_W_ 7.20x10°J 
V 12V 
= 6.0 x 104C 
42. (a) 1uF 
Explanation: Energy of a capacitor 
1 
U = —=CvV? 
2 


[Where V is voltage/potential difference between plates] 


Charge in energy = Final energy of capacitor Initial energy of capacitor 


2 x 107? = X 
J 2 3 

1 

(200)? — 5: (24F) - (200)? 
4 x 10% 
—2 x 1072 = X — 2uF 
—1076 = X — 2uF 
X = 2uF — 10-6 


X = 2uF — 1uF = 1uF 


43. Let a be the radius of a sphere A, 04 be the charge on the sphere, and C, be the capacitance of the 
sphere. Let b be the radius of sphere B, Qg be the charge on the sphere, and Cp be the capacitance of 
the sphere. Since the two spheres are connected with a wire, their potential (V) will become equal. 


Let E, be the electric field of sphere A and Eg be the electric field of sphere B. Therefore, their ratio, 


EA Qa b2 x ATE 
— 0 y aa 
Eg 4T Ego x a2 Og 
EA Oa . b? 
Es Og a? 
CAV 
However, 24 = “4% 
CBV 
c 
and #2 = £ 
Cg b 


Putting the value of (ii) in (i), we obtain 


Ea ab? b 
` Ep ba? a 


A M . b 
Therefore, the ratio of electric fields at the surface is z 


44. 
Cy, 91 
Vy q= CV, 
a,= 2CV, 
421 2C 
q +q2=Q 
qı + qı = CV 


V, = 

= > 
V QR 

a =] 
V 20 

42 = 2CV, = 2 

4, 1 

q 2 

1 1 

— iry2 = —cy2 

U1=5CVi TAA 

U, = cv? 

2—9 

U 1 

U, 2 

45. (A) (1) 
(ii) 


(B) Here, A = 6 x 107? m?, 
d=3mm=3x10?m 


(i) Capacitance, C = £05 


8.85 x 107142 x 6x 1073 
3 x 1073 
=17.7x10°14F 


(ii) Charge, Q = CV = 17.7 x 10772 x 100 
= 17.7 «10 C 
(iii) New charge, 0' = KQ = 6 x 17.7 x 10719 


= 1.062 x 1078C 


Yj 
7 


<— d—> 


(Case 1) 


46. 


(Case 2) 


For Case 1 


Ase 
— d 


For Case 2 


We can consider that two capacitors are connected in series as shown 


| 
| 2 | 
| 9 | 
e M 
-EHk 
| | 
1 — ol 
| | 
[— FJ 
Tt FF 
B A 
For series combination 
1 d d 
C Ki£&oA — K2Ep A 
d d 1 1 
> = (7 + z) 
Ké A 2&4 XK; K 
1 1/1 1 
++ 6) 
K 2\K, K, 
1 1 (= + 1) 
> — = — 
K 2\ KK, 
2K,K 
3 E 142 
Kı +K, 


47. When capacitors are linked in parallel with a direct current source, the charging of the capacitor 
occurs: the plates are charged in accordance with the terminals of the battery, such that the potential 
difference between the plates equals the terminal potential of the direct current battery. 


48. Let charge q be transferred from one capacitor to the other. Then equating potential difference across 
the two capacitors, 


CV-q q 
GO C 
+CV -CV 

+ — 


Now, Energy stored in the combination, 


Initial energy, U; = -C 2 


i ae ea 
1 2C 4 
CV —g (CV —g) 
q -q 
ğ 
Us CV? 2 1 


> — = —— —— = — 
U 4 2 


49. (A) Derivation of the expression for the capacitance: 


-0 
6 
-Q 
Q 
<> 
d 


Let the two plates be kept parallel to each other separated by a distance d and crosssectional area of 
each plate is A. Electric field by a single thin plate 


p= o 
7 
Total electric field between the plates 
o 
pala 
Eo — Ap 
Potential difference between the plates 
v= ra= [2] 
AEo 


Capacitance, C = es 


(B) 


100 pF 


Cy 
200 pF a pe | 
C Cs y300V 


C4' "100 pF 
=100 pF 


Cı 
— | 


lez 100 pF 


300 V 


C123 = 200 pF 
300 V 
C4 = 100 pF 
The eguivalent capacitance = = pF 
_ 200 10-22 
charge on C4 = EG 922 
= 2 x 1078C 


Potential difference across. 


Ea 200 x 10712 x 300 
+ 3x 100 x 10-12 


= 200 V 
Potential difference across C4 
= 300 — 200 
= 100 V 
charge on C, = 100 x 10712 x 100 
= 1 x 1078C 


Potential difference across C, and C3 series combination = 100 V potential difference across C, and 
C3 each 


=50V 


charge on C, and C3 each 


= 200 x 10°17 x 50 
=1x10°°C 


50. Consider the parallel plate capacitor depicted in the image, which is connected across a D.C. battery. 
The circuit will conduct electric current. As the charges approach the plate, the insulating gap 
prevents them from moving any farther; hence, positive charges deposit on one side of the plate and 
negative charges deposit on the other. As a result, the current flowing through the circuit steadily 
decreases and ultimately stops until the voltage of the capacitor is exactly egual to but opposite to the 
voltage of the battery. When a capacitor is connected across a D.C. battery, it charges in this manner. 


Metal 
C ee 


++++t|+++++ 


(A) The electric field between the plates is; 


E = 


V 
d 


The distance between plates is doubled, d' = 2d 
eV Wet E 
=~ (a) za ale) 
Therefore, if the distance between the plates is double, the electric field will reduce to one half. 


(B) As the capacitance of the capacitor, 


_ €& KA eKA_ 1 


6 =C 
d' 2d 2 
Energy stored in the capacitor is 
Q? 
U=-— 
2C 
Q? Q? 
“20° 241/2)C 


a ie 
-2(2) =z 


(from i) 


Therefore, when the distance between the plates is doubled, the capacitance reduces to half. 
Therefore, energy stored in the capacitor becomes double. 


51. Let at a particular instant charge on the plate of capacitor be q and its potential difference be F If an 
additional charge dq is given to capacitor plate, work done for it is given by 


dw = ($) -dq 


Therefore, whole process of charging from 0 to Q requires a work 


i) 211 2 
Ja C C|2| 26 
(0) 
This work done is stored as the electrostatic potential energy of the charged capacitor Hence, 
potential energy of charged capacitor 
Q? 


(= 
2C 


But Q = CV, where V be the potential difference between the plates of capacitor, 


Hence, 
0? 1 
U =—=-QV =-Cv? 
2C 2 g 2 
Let initial capacitance of a capacitor be 
EA 
C = — 
d 


(A) When spacing between the plates is halved (i.e., d' = Z ) and a dielectric medium of £,, = 10 is 
introduced between the plates, new capacitance of the capacitor will be 


_ EoErA E X10XA 


4 (9) 


1 


(B) Initial electric field E = Z 


As battery remains connected, 


Hence, V' = V but d' = Z 


- New electric field, 


ee YN a 
ea 
2 


52. Let PORS is an infinitely plane charged sheet and +0 be the distribution of charge over the sheet. Let 
the charge g is bringing from infinity to the distance r from the sheet. 


Then, Electric field at the distant r from the sheet 


Uniformly infinite phase charge sheet 


od = E- AScos 0 
6 = E:AS(0 = 0) 
d à =— 
an =— 
Eo 
From equation (i) and (ii) 
_ 0 
Ea X AS 
= o 
By 2 
We know that, 
W=F-r 


53. (A) (i) When a conductor is placed in a uniform electric field Eo, electrons present inside conductor 
drift in a direction opposite to the external electrical field, till the electric field E, produced by drift 
of free electron with in the conductor just becomes egual and opposite to the external field E. Thus, 
the net electric field E, —E' at any point inside the conductor is zero. 


(ii) When a dielectric slab is placed in the electric field Eo, the electrons in atoms or molecules of 
dielectric get pulled in a direction opposite to the applied electric field. The separation between the 
charges is such that the force due to the external electric field is just balanced by the restoring force 
due to internal electric fields in the atom or molecule. The molecules, thus, develop an induced dipole 
moment and the dielectric is said to be polarised. Let E, be the internal electric field in the dielectric 
due to polarisation of charge. Thus, net electric field in the presence of dielectric becomes, 


ee 
It is observed that, 


E=—-E,=— 
Eo K 


Where, K is the dielectric constant of the given dielectric, The polarisation vector p of a dielectric is 
defined as the dipole moment developed in the dielectric per unit volume when placed in an external 
electric field. 


Thus, polarisation vector, 


, _ Net dipole moment 
p = Volume of dielectric 


For linear isotropic dielectrics, the polarisation vector p is found to be directly proportional to 


external electric field Eo Le., Or Bak op = XEo Hence, Xe is a constant which is characteristic of a 
dielectric and is known as the ‘electric susceptibility’ of given dielectric. 


(B) (i) Force experienced by a charge ' q ' when placed in an electric field ' E ' is given by F = qE. 


As at centre C of the shell electric field is zero, hence force on the charge at the centre C is zero. 
At point A the electric field is due to charge 2 and Q present on the spherical shell and has a value: 


21. 30 
Amey 21? 
.. Force on the charge q = (20) placed at A will be: 
3Q ) 
ATE, 2x2 


Fa = gE = (20) ( 


— 1 3Q? 
— Amey x? 


Eo 


(ii) The electric flux through the shell 


1 
PE = a (charge enclosed by the shell) 
0 
1 3 
ae (E +0) = A 


Tn V2 2a, 
54. When the capacitors are connected in parallel, equivalent capacitance, 
Cp = Cy + C2 
The energy stored in the combination of the capacitors, 


E -1c vy? 
PT9 P 


1 
> (,+(,=5x1075F 


When the capacitors are connected in series, equivalent capacitance, 


The energy stored in the combination of capacitors, 


1 
Es = =C; V? 


2 
Ge 


~ 25x10 
CC, 


‘C= 
6 + 


Es (100)? 


jaja aa 100)2 
41750 10:5° ) 


> CC, = 0.045 x 1074 x 5 x 1075 x 2 
CC, = 4.5 x 1071 F 
> (C) — (2)? = (C + (2)? — 4610 
(C, — Cy)? = 25 x 1079 — 4 x 4.5 x 1079 
(G — C2)? = 7 x 1079 
> (G — G) = V7 x 10710 = 2.64 x 1075 


> C, —C, = 2.64 x 1075 F 
On solving eg. (i) and (ii), 


Cı = 35uF and C, = 154F 
O1= CV 
= 35 x 1076 x 100 
we get Q, = 35 x 1074C 
and 0, = C, V 
= 15 x 1076 x 100 
Q, = 15 x 1074C 
55. (A) Net capacitance = C3 = 2uF Others are short-circuited 


(B) Maximum charge 
C=GgV=22 10° x5 = 104C 
(C) Total energy 
E = cv? = 0.5 x 2 x 1076 x 25 = 254] 


56. Case I: 


Equivalent capacitance = 6pF 


1 
Energy stored = 5 CV? 
1 
=3 X6x 107? x 50 x 50 
=7.5x107°J 


Case II: 


50V 


fy bd 


12 pF 


12 pF 
Equivalent Capacitance = 24pF 


1 
Energy stored = 7” 24 x 10712 x 50 x 50 
=3x 1078] 
Charge drawn in Case I 


Q=VC 
= 50 x 6pC 
= 300pC 


Charge drawn in Case II 


= 2[12 x 50]pC 
= 1200pC 
= 1.2nC 


57. (A) In the given circuit C, and C} are short circuited hence equivalent capacitance is given by, 
1 1 1 1 1 2 


(B) Q=VC 


> 


Energy stored in the Network 


U= ley? 
2 
1 2 
0 1076 x 7 x 7 Joules 
= 16.33 x 1076 J. 


58. (D) 5.0 x10°J 
(2024) 
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